Introduction
Identification and treatment of chronic kidney disease (CKD) is a major concern [1, 2] . Early diagnosis of progressive kidney disease is of the highest importance. Most doctors know the limitations of serum creatinine for the detection of early CKD [3] . Serum creatinine concentration varies with the kidney function, and is also influenced by 'non-nephrological' factors such as sex, race, age and muscular mass. Due to these limitations, one can estimate glomerular filtration rate (GFR) with creatininebased formulas that account for anthropometrical and biological variation [1] . The two best known equations are the equation published in this journal by Cockcroft and Gault in 1976 [4] and the most recent equation published by Levey et al. [5] in 1999 using the data from the Modification of Diet in Renal Disease (MDRD) study ( table 1 ). Table 2 compares the methodology and the population of both studies. The MDRD study estimates GFR in comparison to its measurement by the iothalamate method whereas the Cockcroft equation estimates creatinine clearance, which is not identical to the GFR, sensu stricto [1] . The Cockcroft-Gault population was nearly all male. Another fundamental difference between these two formulas is the mean GFR of the population from which they have been built. These are, respectively, 39.8
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The MDRD estimated GFR (eGFR) can be reported by clinical laboratories because it requires only knowledge of a person's serum creatinine, age, and sex, the race being interpreted by the clinician. Different correction factors are applied to the MDRD results according to the ethnicity of the patient (summarized in table 1 ). These factors could increase the accuracy of the MDRD study formulae, contrary to the Cockcroft equation for which no ethnic corrections have been described [6] [7] [8] . It is thus not surprising that this equation is used more and more. The simplicity of the Cockcroft equation is thus surpassed. However, the success story of the MDRD study equation does not make it invincible.
MDRD Study Equation

Good for Everybody?
As mentioned, the MDRD study equation was built from a CKD population [5] . It is well-known that the relationship between GFR and creatinine is not the same in CKD and healthy subjects [3] . Indeed, the MDRD formula may underestimate the true GFR in healthy subjects. There is substantial imprecision for the result of the eGFR compared to its measured value, when the measured value is 6 60 ml/min/1.73m 2 [9, 10] . To these mis-estimates two obvious situations can be added in which formula-based estimates of the GFR are futile, even if still commonly reported on laboratory result reports. These are in the patients with acute kidney injury and changing kidney function, and in the patients on chronic dialysis. Those with acute kidney injury are not in the steady state, and those on chronic dialysis have no GFR of their own.
Where Is the Body Weight?
The Cockcroft-Gault equation uses the weight as a variable [4] . This is logical because the serum creatinine concentration varies with muscular mass. But weight is only an indirect estimation of the muscular mass. Inaccuracies in the equation thus occur when it is applied to obese or cachectic subjects. Several authors have shown the inaccuracy of the Cockcroft formula in these two populations [11, 12] . The Cockcroft formula could also be misleading when eGFR is longitudinally followed in an obese patient on a weight-loss diet. If the patient loses fat weight, the eGFR by Cockcroft will decrease, probably without a large decrease of true GFR. One may wonder why the weight variable does not appear in the MDRD study equation. This is explained by the fact that the MDRD equation indexes its GFR determination by the body surface area (BSA), and BSA takes into account the body height and weight. However, indexing GFR for BSA is questionable as we have already shown [13] . Indeed, indexing GFR for BSA implies that the relationship between GFR and BSA is linear and that this relationship disappears when indexed GFR is used. This is not true. Indexing GFR will have only minimal impact on the absolute results in the population with normal BMI. The impact of indexing will be high in obese patients [13] . The mean weight of the original MDRD population was 79.6 8 16.8 kg. Most of the patients in the MDRD study were neither severely obese nor cachectic. Independently of the limitations linked to the BSA, Verhave et al. [12] have shown that the MDRD study equation underestimates measured GFR in obese patients by about 10 ml/min. The main limitation of this study is linked to the fact that most of the subjects had normal GFR and/or creatinine values [14] . We maintain that the use of formula-based estimates of the GFR is imprecise in obese and in underweight subjects, so that formulas are not suitable to search for CKD in these subjects, despite their possible predisposition to kidney disease.
Analytical Limitation
Due to the exponential relation of the serum creatinine to the GFR, a small change in low creatinine values will have great impact on the GFR. For example, if a patient's creatinine increases from 0.6 to 1.2 mg/dl, this means that he has lost half of his initial GFR. However, if the creatinine rises from 3 to 3.6 mg/dl in a patient with the same anthropometrical data, the loss of GFR is considerably smaller. Thus, close-to-normal and normal serum creatinine values require attention.
Calibration
In 2002, Coresh et al. [15] illustrated the impact of differences in creatinine calibration on the GFR estimation. In the NHANES study, the serum creatinine was measured with the kinetic Jaffé method by the Roche assay on the Hitachi 737 machine, whereas in the MDRD study, the serum creatinine was measured with the Beckman method on the CX3 machine. Results of the serum creatinine measurement were systematically 0.23 mg/dl higher with the Hitachi method. For a 60-year-old white man with a Beckman serum creatinine of 1 mg/dl, the eGFR is 110 ml/min/1.73 m 2 . The serum creatinine of the same patient will be 1.23 mg/dl on the Hitachi apparatus, which by the MDRD formula will give an eGFR of 81 ml/ min/1.73 m 2 . Further, and due to the exponential relation between GFR and creatinine, the impact of the differences of calibration will be greater for lower serum creatinine concentrations. The same difference in calibration will induce a difference of only 6 ml/min/1.73 m 2 in the eGFR for the same patient if his serum creatinine was 2 mg/dl. Others have confirmed the potential impact on the eGFR of the differences in creatinine calibration [16] .
IDMS-Traceable Creatinine
The only way to overcome the potential bias linked to the calibration of creatinine is to calibrate the creatinine measurement against an absolute standard [17] . This standard does exist, and it is the measurement of creatinine by isotope dilution mass spectrometry (IDMS). Roche was the first to recalibrate the Jaffé and enzymatic methods to IDMS. Global calibration by other manufacturers is ongoing. Levey et al. [18, 19] have modified the MDRD formula based on these calibrations. In fact, for serum creatinine values traceable to the IDMS result, the factor 186 becomes 175. Nevertheless, the way this calibration has been obtained is not free from criticism. First, the authors have modified their equation after having recalibrated their Jaffé creatinine (Beckman CX3) to an enzymatic method (Roche Diagnostic) which has been calibrated with the IDMS reference method ( fig. 1 ) [18] . Through their calibrations, the authors have deleted the different intercepts because they were not statistically significant. This is questionable. In fact, even if the intercept between Roche enzymatic and IDMS is not significant and even if the intercept between Roche enzymatic and Beckman CX3 is not significant, this does not necessarily imply that the intercept is not different for the regression of the IDMS versus the Beckman creatinine data! Indeed, Vickery et al. [20] have also measured the direct relation between creatinine measured by IDMS and Beckman CX3. These authors found a slope of 0.99 and an intercept of -0.18 mg/dl which is not negligible.
The second criticism regarding the IDMS calibration concerns the calibration curve between the Beckman CX3 creatinine and the Roche enzymatic creatinine ( fig. 2 ) . The calibration curve has been obtained on 40 reference sera with creatinine values between 0.5 and 5 mg/dl. From our point of view, the range of creatinine used for the calibration appears too large because, once again, calibration effect on the MDRD study results are only relevant in the lower values of creatinine (0.5-2 mg/ dl). Within this specific range, the slope appears closer to 1, and not to 0.906 if higher values are included [21] . Accordingly, in a study concerning the creatinine calibration of the NHANES creatinine values, Selvin et al. [22] showed a slope of 1 between creatinine values measured with the Roche enzymatic method and the Beckman Jaf- 
Concepts of Critical Difference
Even if we have criticized the way the new IDMStraceable equation has been elaborated, we totally agree with the need for standardization of the methods of creatinine measurement. However, even when this harmonization will be obtained, all limitations of the creatinine-based equations will not disappear. One should know the concept of critical difference, which is fundamental for biological variables used for ongoing care of patients, as is the serum creatinine [24] . The critical difference can be defined as the smallest change in results which is not due to chance. It is dependent of the analytical coefficient of variation CV a and the intra-individual (or biological CV) coefficient of variation (CV i ). In laboratories using Jaffé methods for creatinine measurement, CV a for low creatinine values is 5.5%. The intra-in- The absolute differences between the lower and upper limit eGFRs and the eGFR value for a serum creatinine of 1 mg/dl are 15 and 22 ml/min/1.73 m 2 , respectively. Because the CV a rises with decreasing creatinine values, the critical difference of creatinine is still higher for serum creatinine values below 1 mg/dl. Potential differences in creatininebased formulae which are merely due to the analytical 'error' of measurement are thus not trivial.
The critical difference can be decreased with better CV a , but a lot of improvement seems difficult to obtain with the actual creatinine measurement. If a CV a of 2% can be reached, notably with the enzymatic methods, the biological variation of creatinine is unchanged. With enzymatic methods, then, the critical difference could decrease to 13%, but variability of eGFR will remain. Using the numbers of the preceding example, these will be 14 and 11 ml/min/1.73 m 2 , respectively. To repeat, in normal creatinine ranges, small changes in creatinine concentrations have considerable consequences in GFR estimation and precision [25] . ( table 3 ) [1] . The levels of GFR separating the different stages are much discussed [26] . That a subject with an eGFR ! 60 ml/min/1.73 m 2 always has true disease is questionable. This is especially true for older people because there is a natural decline in GFR with advancing age. The question of the 'normal range' of the GFR is still not fully resolved, as has been very elegantly shown by Glassock [26] in a recent editorial. We have illustrated the analytical limitations of creatinine that cause an imprecision of the MDRD study equation in the high values of GFR. These limitations are relevant to GFR estimation in the 60 ml/ min/1.73 m 2 range and all the more for higher ranges of eGFR. As we have shown, and even if traceability of creatinine and enzymatic methods are clear improvements, the precision in this range of GFR remains insufficient. This is acknowledged by Levey and colleagues [17] who recommend laboratories not to report the absolute values of the MDRD equation for results 1 60 ml/min/1.73 m 2 , but simply to state that they are 1 60 ml/min/1.73 m 2 . We extend this opinion to further state that to differentiate stage 1 CKD from stage 2 is unhelpful in clinical daily practice and should be abandoned. This has been also suggested by other authors [25, 27, 28] and is also stated in the Australian guidelines (CARI guidelines) [29] .
Impact on the Epidemiology
Because the MDRD equation overestimates GFR, this equation will overestimate CKD prevalence in epidemiological studies [2] . For example, that 10% of the general population has true CKD is questionable [23, 26] . It remains possible that in the absence of progressive kidney disease, levels of GFR in the 60-to 90-ml/min range may carry cardiovascular risk, but this, too, is debatable, as is the entirely speculative effect of improving such levels of kidney function on that associated risk.
MDRD Study Equation in CKD Patients: An Estimate That Is Not Magic
In several studies, the MDRD study equation has been shown to be a good way to estimate the GFR in subjects with CKD [9] . However, in other subjects with kidney disease, the accuracy and the precision of the equation are less impressive. Thus, for hospitalized patients, especially those in intensive care and in transplantation, all formula-based estimates of eGFR are prone to substantial error [27, 30, 31] . This is not only because of reduced activity and muscle mass, but also because of day-to-day changes in kidney function. In all these patients, the MDRD study equation may be misleading.
MDRD Study Equation in Practice
In this review, we have underlined some limitations linked to formula-based estimates of the GFR. We agree that the MDRD study equation provides a good estimate of GFR, specifically in subjects with CKD who are in the steady state. We use and recommend that MDRD study equation results should be stated by clinical laboratories based on the serum creatinine, age, gender, and race, but without giving the absolute result when GFR is 1 60 ml/ min/1.73 m 2 . For particular populations, such as subjects on chronic dialysis and subjects with acutely changing kidney function, the formula-based estimates of GFR are false, and should be omitted or ignored. In any case, current formula-based estimates of the GFR remain estimations and we must keep this in mind when analyzing their results. The use of cystatin C as a new plasma marker of cystatin C and of cystatin C-based equations for better estimating GFR is increasing but it must be still validated before its implementation in daily clinical practice [32] . 
